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INTERNATIONAL SEARCH REPORT 

(PCT Article 18 and Rules 43 and 44) 



Applicant's or agent's file reference 

126399.5 SZ 


FOR FURTHER Notification of Transmittal of International Search Report 
. ^ , . (Form PCT/lSA/220) as well as, where applicable, Item 5 below. 

ACTION 


International application No. 

PCT/IL 00/00483 


International filing date (day/month/year) 

08/08/2000 


(Earliest) Priority Date (clay/month/year) 

12/08/1999 


Applicant 

YEDA RESEARCH AND DEVELOPMENT CO. LTD. 



This International Search Report has been prepared by this International Searching Authority and is transmitted to the applicant 
according to Article 18. A copy is being transmitted to the International Bureau. 

This International Search Report consists of a total of 4 sheets. 

Pr| It is also accompanied by a copy of each prior art document cited in this report 



1 . Basis of the report 

a. With regard to the language, the international search was carried out on the basis of the international application in the 
language in which it was filed, unless otherwise indicated under this item. 

I I the international search was carried out on the t>asis of a translation of the international application furnished to this 
' Authority (Rule 23.1 (b)). 

b. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international search 
was carried out on the basis of the sequence listing : 

I I contained in the international application in written form. 

filed together with the international application in computer readable form, 
furnished subsequently to this Authority in written form, 
furnished subsequently to this Authority in computer readble form. 



□ 
□ 
□ 
□ 

□ 



the statement that the subsequently furnished written sequence listing does not go beyond the disclosure in the 
international application as filed has been furnished. 

the statement that the information recorded in computer readable form is identical to the written sequence listing has t>een 
furnished 



2. 
3. 



I I Certain claims were found unsearchable (See Box I). 
I I Unity of Invention Is lacking (see Box II). 



4. With regard to the title, 

[X| the text is approved as submitted by the applicant. 

I I the text has been established by this Authority to read as follows: 



5. With regard to the abstract, 

I I the text is approved as submitted by the applicant. 

nn the text has been established, according to Rule 38.2(b), by this Authority as it appears in Box III. The applicant may, 
' — ' within one month from the date of mailing of this international search report, submit comments to this Authority. 

6. The figure of the drawings Xo be published with the abstract is Figure No. J 



Pn as suggested by the applicant- Q None of the figures. 

I I because the applicant failed to suggest a figure. 

I I because this figure better characterizes the invention. 
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Box III TEXT OF THE ABSTRACT (Continuation of item 5 of the first sheet) 



^Brnational application No. 

PCT/IL 00/00483 



A reaction chamber (101) has a surface (105)to be protected and a longitudinal 
axis(103)transverse to this surface. For the protection of the surface (105), 
a method is used comprising introducing a primary flow of reactants 103) 
into the chamber (101) in a manner whirling around the longitudinal axis (103) 
thereof , withdrawing reaction products at an opposite end (107) of the reaction 
chamber in a flow along the longitudinal axis (103), and introducing into 
the chamber a secondary protecting flow (113) directed from a periphery 
of the surface (105) towards the longitudinal axis (103). The primary flow 
(109) and the flow of reaction products approximate a free vortex flow 
and a pressure created by this vortex flow keeps the secondary flow (113) 
adjacent the surface (105) to be protected,substantial ly over its entire area. 
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A. CLASSinCATION OF SUBJECT MATTER 

IPC 7 B01J19/12 B01J19/24 C01B3/24 C09C1/48 F24J2/07 
F24J2/46 

According to International Patent Classification (IPC) or to both national dassificaticxi and IPC 

B. FIELDS SEARCHED 

Minimum documentation searched (classification system followed by classification symbols) 

IPC 7 BOIJ COIB C09C F24J 



Documentation searched other than minimum documentation to the extent that such documents are Irxiuded in the fields searched 



Electronic data base consulted during the international search (name of data base and, where practical, search terms used) 

EPO-Internal , WPI Data, PAJ 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category • 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to daim No. 
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wo 90 13360 A (AHLSTROEM OY) 
15 November 1990 (1990-11-15) 
page 8, line 17 -page 9, line 9 
claims 1-22; figures 1-8 


1.7.12 


Y 


WO 96 25633 A (YEDA RES & DEV ; DAVIS 
JOANNE T (US); KRIBUS AVI (IL); DORON 
PINCHA) 22 August 1996 (1996-08-22) 
cited in the application 
page 8, line 14 -page 11, line 27 
claims 1,18; figure 1 


1,3-10 


Y 


US 4 499 893 A (HUNT ARLON J ET AL) 
19 February 1985 (1985-02-19) 
the whole document 

-/-- 


1,3-10 



m 



Further documents are listed in the continuation of box C. 
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Patent family members are listed In annex. 



* Special categories of cited documents : 

"A" document defining the general state of the art which is not 
considered to be of particular relevance 

"E" earlier document but published on or after the intemationat 
filing date 

"L" document which rtiay throw doubts on priority claim(s) or 
which is cited to establish the publication date of another 
citation or other special reason (as specified) 

"O" document referring to an oral disclosure, use. exhibition or 
other means 

"P" document published prior to the International filing date txjt 
later than the priority date claimed 



"T" later document published after the international filing date 
or priority date and not in conflict with the application but 
cited to understand the principle or theory underiying the 
invention 

"X" document of particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document is taken alone 

"Y" document of particular relevance; the claimed invention 

cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
In the art. 

"&" document memt)er of the same patent family 



Date of the actual completion of the international search 

9 November 2000 


Date of mailing of the international search report 

17/11/2000 


Name and mailing address of the ISA 

European Patent Office. P.B. 5818 Patentlaan 2 
NL - 2280 HV Riiswijk 
Tel. (+31-70) 340-2040. Tx, 31 651 epo nl. 
Fax: (+31-70) 34O-<3016 


Authorized offk;er 

Vlassis, M 
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23 March 1960 (1960-03-23) 
page 1, line 46 - line 68 
page 2, line 16 -page 3, line 33 
figures 1-3 

GANZ J ET AL: "EIN NEUARTIGER REAKTOR FUR 
DIE SOLAR-THERMISCHE METALLOXIDREDUKTION" 
CHEMIE. INGENIEUR. TECHNIK,DE,VERLAG 
CHEMIE GMBH. WEINHEIM, 
vol . 67, no. 9, 

1 September 1995 (1995-09-01), pages 
1136-1137, XP000522495 
ISSN: 0009-286X 
the whole document 



1-5,7.8, 
14 



7,8.14 
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20-07-1993 
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DE 
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09-09-1993 
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26-02-1992 
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25-05-1994 
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4504678 
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20-08-1992 






US 
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18-06-1991 


WO 9625633 A 


22-08-1996 


IL 


112658 
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16-08-1998 






AU 


692370 


B 


04-06-1998 






AU 


4913996 


A 


04-09-1996 






EP 
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A 


19-11-1997 






US 
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(PCT Article 36 and Rule 70) 



Applicant's or agent's file reference 
126399.5 SZ 


See Notification of Transmittal of International 
FOR FURTHER ACTION preliminary Examination Report (Fomn PCT/lPEA/416) 


International application No. 
PCT/ILOO/00483 


international filing date (day/month/year) 
08/08/2000 


Priority date (day/month/year) 
12/08/1999^ 


International Patent Classification (IPC) or national classification and IPC 
B01J19/12 


Applicant 

YEDA RESEARCH AND DEVELOPMENT CO.LTD. et al. 



1. This international preliminary examination report has been prepared by this International Preliminary Examining Authority 
and is transmitted to the applicant according to Article 36. 



2. This REPORT consists of a total of 5 sheets, including this cover sheet. 

^ This report is also accompanied by ANNEXES, i.e. sheets of the description, claims arid/or drawings which have 
been amended and are the basis for this report and/or sheets containing rectifications made before this Authority 
(see Rule 70.16 and Section 607 of the Administrative Instructions under the PCT). 

These annexes consist of a total of 3 sheets. 



3. This report contains indications relating to the following items: 
I ^ Basis of the report 
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□ 


Priority 


111 


□ 


Non-establishment of opinion with regard to novelty, inventive step and industrial applicability 


IV 


□ 


Lack of unity of invention 


V 


IS 


Reasoned statement under Article 35(2) with regard to novelty, Inventive step or industrial applicability; 
citations and explanations suporting such statement 


VI 


□ 


Certain documents cited 


VII 


IS 


Certain defects in the international application 


VIII 


SI 


Certain observations on the international application 



Date of submission of the demand 
07/03/2001 


Date of completion of this report 
26.11.2001 


Name and mailing address of the intemational 
preliminary examining authority: 

^ European Patent Office 
^ D-80298 Murilch 

jg// Tel. +49 89 2399 - 0 Tx: 523656 epmu d 
Fax: +49 89 2399 - 4465 


Authorized officer 

Nazarlo, L (f l) 
Telephone No. +49 89 2399 8137 ^s^*:^ 


Fomn PCT/1 PEA/409 (cover sheet) (January 1 994) 



INTERNATIONAL PRELIMINARY 
EXAMINATION REPORT 



International application No. PCT/I LOO/00483 



I. Basis of the report 

1 . With regard to the elements of the international application (Replacement sheets which have been furnished to 
the receiving Office in response to an invitation under Article 14 are referred to in this report as "originally filed" 
and are not annexed to this report since they do not contain amendments (Rules 70, 16 and 70. 1 7)): 
Description, pages: 

1-16 as originally filed 



Claims, No.: 

1 -1 7 with telefax of 07/1 0/2001 

Drawings, sheets: 

1/7-7/7 as originally filed 



2. With regard to the language, all the elements marked above were available or furnished to this Authority in the 
language in which the international application was filed, unless otherwise indicated under this item. 

These elements were available or furnished to this Authority in the following language: , which is: 

□ the language of a translation fumished for the purposes of the intemational search (under Rule 23.1 (b)). 

□ the language of publication of the international application (under Rule 48.3(b)). 

□ the language of a translation furniished for the purposes of intemational preliminary examination (under Rule 
55.2 and/or 55.3). 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the 
international preliminary examination was carried out on the basis of the sequence listing: 

□ contained in the intemational application in written form. 

□ filed together with the international application in computer readable form. 

□ furnished subsequently to this Authority in written form. 

□ furnished subsequently to this Authority In computer readable form. 

□ The statement that the subsequently furnished written sequence listing does not go beyond the disclosure in 
the intemational application as filed has been furnished. 

□ The statement that the information recorded in computer readable form is identical to the written sequence 
listing has been furnished. 

4. The amendments have resulted in the cancellation of: 

□ the description, pages: 

□ the claims, Nos.: 



Form PCT/IPEA/409 (Boxes l-VIII. Sheet 1) (July 1998) 



rNTERNATIONAL PRELIMINARY 

EXAMINATION REPORT International application No. PCT/I LOO/00483 



□ the drawings, sheets: 

5. El This report has been established as if (some of) the amendments had not been made, since they have been 

considered to go beyond the disclosure as filed (Rule 70.2(c)): 

(Any replacement sheet containing such amendments must be referred to under item 1 and annexed to this 
report.) 

see separate sheet 

6. Additional observations, if necessary: 



V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or Industrial applicability; 
citations and explanations supporting such statement 

1. Statement 

Novelty (N) Yes: Claims 2-6, 8, 11-13, 15, 16 

No: Claims 1, 7. 9, 10, 14, 17 

Inventive step (IS) Yes: Claims 

No: Claims 1-17 

Industrial applicability (lA) Yes: Claims 1 -1 7 

No: Claims 

2. Citations and explanations 
see separate sheet 

VII. Certain defects in the international application 

The following defects In the form or contents of the intemational application have been noted: 
see separate sheet 

VIII. Certain observations on the International application 

The following observations on the clarity of the claims, description, and drawings or on the question whether the 
claims are fully supported by the description, are made: 
see separate sheet 
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INTERNATIONAL PRELIMINARY International application No. PCT/I LOO/00483 
EXAMINATION REPORT - SEPARATE SHEET • 



Re item V 

Reasoned statement under Article 35(2) with regard to novelty, inventive step or 
industrial applicability; citations and explanations supporting such statement 

1 . Reference is made to the following documents: 
D1: WO 90 13360 A 

2. D1 discloses a vortex reactor and a method of introducing a gaseous stream in which 
a portion of the gas stream flows in a swirling pattern and another part is directed to 
the uppermost part of the reactor and then flows along the longitudinal axis. Such 
a partitioning of the gaseous protects the tog surface as well as the walls of the 
reactor chamber. The applicant's attention is drawn to the fact the process disclosed 
in D1 also introduces a secondary flow from the periphery that is then directed 
towards; the central area. The disclosed device also comprises a outlet along the 
longitudinal axis (abstract, page 1 , lines 4-7, page 8, line 17 to page 9, line 9, claims 
1-22, figure 1.7, 8). 

Therefore, the subject-matter of claims 1 , 7, 9, 10, 14 is not novel and does not fulfill 
the requirements of article 33(2) PCT. 

3. The additional features disclosed in claims 2-6, 8, 1 1-13, 15 and 16 are not disclosed 
in D1 and are novel (article 33(2) PCT). However, these distinguishing features would 
be obvious design possibilities for the skilled man in the art and do not involve an 
inventive step. Therefore, the subject-matter of these claims do not fulfill the 
requirements of article 33(3) PCT. 

Re Item VII 

Certain defects in the international application 

1. Contrary to the requirements of Rule 5.1(a)(ii) PCT, the relevant background art 
disclosed in D1 is not mentioned in the description, nor is this document identified 
therein. 



Form PCT/Separate Sheet/409 (Sheet 1) (EPO-April 1997) 
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EXAMINATION REPORT - SEPARATE SHEET 



2. The following amendments to the claims do not seem to be supported by the 
application as originally filed (article 34(2) (b) PCT): i) In claim 1, "... and having a 
periphery ... remote to said axis"; ii) In claim 9, "... and a periphery radially remote 
from said axis, ..." and "... said surface having ... remote to said axis..."; iii) new claim 
17. The present application has been established as if these amendments had not 
been carried out. 

Re Item VIII 

Certain observations on the international application 

1 . To fulfill the requirements of article 6 PCT the following have to be addressed: 

1.1. The following passages in claim 1 attempt to define the subject-matter in terms of the 
result to be achieved: "...which creates a pressure gradient ... longitudinal axis" and 
"... and consequently ... flow of reaction products." These statements do not contain 
any technical features (elements of the solution) necessary for achieving the result. 

1.2. In its present formulation claim 3 does not further restrict the subject-matter of the 
claims to which it refers back to. 

) .4. Claims 1 1 and 1 2 do not contain any additional features of the reaction chamber and 
seem to relate to the use of the said chamber. 
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CLAIMS: 

1 . A method for protecting a surfece at one aid of a reaction chamber 
having a longitudinal axis transverse to said surface, the method comprising 
introducing a primary flow of reactants into the chamber in a maimer whirling 
around said longitudinal axis, and withdrav^ring reaction products at an opposite 
end of the reaction chamber in a flow along the longitudinal axis, whereby said 
primary flow and said flow of reaction products approximate a free vortex flow, 
and introducing into the chamber a secondary protecting flow directed from a 
periphery of said surface towards said longitudinal axis, enabling thereby a 
pressure created by said vortex flow to keep said secondary flow adjacent said 
surfece substantially over its entire area. 

2. A method according to Claim 1, whereby said pressure results m said 
secondary flow acting as a barrier protecting said surface from contact with said 
primary flow and said flow of reaction products. 

3. A method accordmg to Claim 1, whereby said secondary flow is used to 
cool said surface. 

4. A method according to Claim 1 , whereby said primary flow is introduced 
into the chamber as a conical whu-ling jet flowing away from said surface. 

5. A method according to Claim 1, whereby said primary flow is introduced 
into the chamber along an interior wall thereof. 

6. A method according to Claun 1, whereby radiation absorbing particles 
are introduced into the chamber m order to elevate said primary flow's 
temperature and thereby initiate the reeiction. 

7. A reaction chamber having a longitudinal axis, a surface to be protected 
disposed at one end of the chamber and orientated substantially transversely to 
said longitudinal axis, a primary ingress means capable of introducing into the 
chamber a primary flow of reactants in a manner whirling around said 
longitudinal axis, an egress opening disposed at an opposite end of the chamber 
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capable of wr&drawing reaction products &om the chamber in a flow along 
said longitudinal axis, whereby said primary flow and said flov\^ of reaction 
products approximate a nree vortex flow, and a secondary ingress means 
capable of introducing into the chamber a secondary protecting flow directed 
5 from a periphery of said surface towards said longitudinal axis, enabling 
thereby a pressure created by said vortex flow to keep said secondary flow 
adjacent said surface substantially over its entire area, 

8. A reaction chamber according to Claim 7, wherein the longitudinal axis 
passes through said egress opening. 
10 9. A reaction chamber according to Claim 7, wherein the reaction chamber 
is part of a volumetric solar receiver and the surface to be protected is a 
transparent window of said solar receiver adapted for admitting incident 
concentrated solar radiation. 

10. A reaction chamber according to Claim 9, capable of being associated 
15 with a solar radiation concentrator via said transparent window. 

11. A reaction chamber according to Claim 9, wherein said reaction chamber 
is shaped to approximate a black body radiation cavity. 

12. A reaction chamber according to Claim 7, wherein said chamber has 
walls that are capable of being heated up, and said primary ingress means are 

20 arranged so that said primary flow acts to extract heat from said wails prior to 
being introduced into said charnber. 

13. A reaction chamber according to Claim 7, further comprising an 
additional component of refractory material disposed so as to heat said primary 
flow of reactants. 

25 14. A reaction chamber according to Claim 7, wherein said egress opening is 
axially extended towards said surface to be protected. 
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FOR FURTHER ACTION Preliminary Examination Report (Form PCT/IPEA/416) 


International application No. 
PCT/ILOO/00483 


Intemational filing date (day/month/year) 
08/08/2000 


Priority date (day/month/year) 
12/08/1999 


International Patent Classification (IPC) or national classification and IPC 
B01J19/12 
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YEDA RESEARCH AND DEVELOPMENT CO.LTD. et al. 



1. This international preliminary examination report has been prepared by this International Preliminary Examining Authority 
and is transmitted to the applicant according to Article 36. 

2. This REPORT consists of a total of 5 sheets, Including this cover sheet. 

S This report is also accompanied by ANNEXES, i.e. sheets of the description, claims and/or drawings which have 
been amended and are the basis for this report and/or sheets containing rectifications made before this Authority 
(see Rule 70.16 and Section 607 of the Administrative Instructions under the PCT). 

These annexes consist of a total of 3 sheets. 
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IV 
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VII 




VIII 





citations and explanations suporting such statement 



VIII ^ Certain observations on the international application 



Date of submission of the demand 
07/03/2001 


Date of completion of this report 
26.11.2001 


Name and mailing address of the intemational 
preliminary examining authority: 

European Patent Office 
/fljl D-80298 Munich 
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Fax: +49 89 2399 - 4465 


Authorized officer ^<:sirr-^ 
Nazario, L (C Ml }j 
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INTERNATIONAL PRELIMINARY 
EXAMINATION REPORT 



International application No. PCT/I LOO/00483 



I. Basis of the report 

1 . With regard to the elements of the international application (Replacement sheets which have been furnished to 
the receiving Office in response to an invitation under Article 14 are referred to in this report as "originally filed" 
and are not annexed to this report since they do not contain amendments (Rules 70. 16 and 70, 17)): 
Description, pages: 

1-16 as originally filed 

Claims, No.: 

1 -1 7 with telefax of 07/1 0/2001 

Drawings, sheets: 

1/7-7/7 as originally filed 

2. With regard to the language, all the elements marked above were available or furnished to this Authority in the 
language in which the international application was filed, unless othenvise indicated under this item. 

These elements were available or furnished to this Authority in the following language: , which is: 

□ the language of a translation furnished for the purposes of the international search (under Rule 23.1 (b)). 

□ the language of publication of the international application (under Rule 48.3(b)). 

□ the language of a translation furnished for the purposes of international preliminary examination (under Rule 
55.2 aad/pr 55.3). 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the 
international preliminary examination was carried out on the basis of the sequence listing: 

□ contained in the international application in written form. 

□ filed together with the international application in computer readable form. 

□ furnished subsequently to this Authority in written form. 

□ furnished subsequently to this Authority in computer readable form. 

□ The statement that the subsequently furnished written sequence listing does not go beyond the disclosure in 
the international application as filed has been furnished. 

□ The statement that the information recorded in computer readable form is identical to the written sequence 
listing has been furnished. 

4. The amendments have resulted in the cancellation of: 

□ the description, pages: 

□ the claims, Nos.: 
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INTERNATIONAL PRELIMINARY 

EXAMINATION REPORT International application No. PCT/I LOO/00483 



□ the drawings, sheets: 

5. O This report has been established as if (some of) the amendments had not been made, since they have been 

considered to go beyond the disclosure as filed (Rule 70.2(c)): 

(Any replacement sheet containing sucti amendments must be referred to under item 1 and annexed to tliis 
report,) 

see separate sheet 

6. Additional observations, if necessary: 



V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 

1. Statement 

Novelty (N) Yes: Claims 2-6, 8, 11 -1 3, 1 5, 1 6 

No: Claims 1.7,9.10,14,17 

Inventive step (IS) Yes: Claims 

No: Claims 1-17 

Industrial applicability (lA) Yes: Claims 1-17 

No: Claims 



2. Citations and explanations 
see separate sheet 

VII. Certain defects in the international application 

The following defects in the form or contents of the intemational application have been noted: 
see separate sheet 



VIII. Certain observations on the international application 

The following observations on the clarity of the claims, description, and drawings or on the question whether the 
claims are fully supported by the description, are made: 
see separate sheet 
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Re Item V 

Reasoned statement under Article 35(2) with regard to novelty, inventive step or 
industrial applicability; citations and explanations supporting such statement 

1 . Reference is made to the following documents: 
D1: WO 90 13360 A 

2. D1 discloses a vortex reactor and a method of introducing a gaseous stream in which 
a portion of the gas stream flows in a swirling pattern and another part is directed to 
the uppermost part of the reactor and then flows along the longitudinal axis. Such 
a partitioning of the gaseous protects the tog surface as well as the walls of the 
reactor chamber. The applicant's attention is drawn to the fact the process disclosed 
in D1 also introduces a secondary flow from the periphery that is then directed 
towards the central area. The disclosed device also comprises a outlet along the 
longitudinal axis (abstract, page 1 , lines 4-7, page 8, line 17 to page 9, line 9, claims 
1-22, figure 1, 7, 8). 

Therefore, the subject-matter of claims 1 , 7, 9, 10, 14 is not novel and does not fulfill 
the requirements of article 33(2) PCT. 

3. The^additional features disclosed in claims 2-6, 8, 1 1-13, 15 and 16 are not disclosed 
in D1 and are novel (article 33(2) PCT). However, these distinguishing features would 
be obvious design possibilities for the skilled man in the art and do not involve an 
inventive step. Therefore, the subject-matter of these claims do not fulfill the 
requirements of article 33(3) PCT. 

Re Item VII 

Certain defects in the international application 

1. Contrary to the requirements of Rule 5.1(a)(ii) PCT, the relevant background art 
disclosed in D1 is not mentioned in the description, nor is this document identified 
therein. 
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2. The following amendments to the claims do not seem to be supported by the 
application as originally filed (article 34(2) (b) PCT): i) In claim 1, "... and having a 
periphery ... remote to said axis"; ii) In claim 9, "... and a periphery radially remote 
from said axis, ..." and "... said surface having ... remote to said axis..."; iii) new claim 
17. The present application has been established as if these amendments had not 
been carried out. 

Re Item VIII 

Certain observations on the international application 

1 . To fulfill the requirements of article 6 PCT the following have to be addressed: 

1.1. The following passages in claim 1 attempt to define the subject-matter in terms of the 
result to be achieved: "...which creates a pressure gradient ... longitudinal axis" and 
"... and consequently ... flow of reaction products." These statements do not contain 
any technical features (elements of the solution) necessary for achieving the result. 

1.2. In its present formulation claim 3 does not further restrict the subject-matter of the 
claims to which it refers back to. 

1 .4. Claims 1 1 and 12 do not contain any additional features of the reaction chamber and 
seem to relate to the use of the said chamber. 
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CLAIMS: 

1. A method for protecting a suri^ce at one end of a reaction chamber 
having a longitudinal axis transverse to said surface and having a periphery 
radially remote from said axis, said surface having an inner area close to said 

5 axis and an outer periphery radially remote from said axis, tiie method 
comprising introducing a primary flow of reactants into the chamber in a 
manner whirling aroimd said longjitudinal axis, and wifhdravvdng reaction 
products at an opposite end of the reaction chamber in a flow along the 
longitudinal axis, whereby said primary flow and said flow of reaction products 

10 approximate a free vortex flo w vyfaich creates a pressure gradient where the 
pressure is highest at the periphery of the chamber and lowest in the vicinity of 
the longitudinal axis, and introducing at said outer periphery of said surface a 
secondary prot ecting flow and directing it in said chamber towards said central 
area, whereby said pressure gradient of the vortex flow k eeps said secondary 

15 flow adjacent said surface substantially over its entire area and, conseouentlv^ 
prevents said surface from contact with said primary flow and said flow of 
reaction products, 

2. A method according to Claim 1, wherein said secondary flow is 
introduced in the chamber at a flow rate lower than that of the primary flow . 

20 3. A method according to Claim 1 or 2, wherein sa id seconda ry flow may 
be free of any said reactants of the primary flow . 

4. A method according to Claim 1, 2 or 3, vyfaerein said p rim ary flow 
comprises a working fluid and said secondary flow is free of said wnr kinp 
fluid , 

25 5. A method according to any one of Claims 1 to 4, whereby said 
secondaiy flow is used to cool said surface. 

6. A method according to any one of Claims 1 to 5, whereby said primary 
flow is in troduced into the chamber as a conical whirling jet flowing away from 
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said surface. 

7. A method according to any one of Claims 1 to 6, whereby said primaiy 
flow is introduced into the chamber along an interior wall thweof. 

8. A method according to any one of Claims 1 to 7, whereby radiation 
5 absorbing particles are introduced into the chamber in order to elevate said 

primary flow's temperature and thereby initiate the reactioiL 
9- A reaction chamber having a longitudinal asds and a per ipt^ery rarli^^jY 
remote from said axis, a surface to be protected disposed at one end of the 
chamber and orientated substantially transversely to said longitudinal axis, said 

10 surface hav ing an inncsr flrea cl ose to said axis and an outer periphery radially 
remote from said axis, a primary ingress means adapted for introducing into the 
chamber a primary flow of reactants in a manner whirling around said 
longitudinal axis, an egress opening disposed at an opposite end of the chamba 
adapted for withdrawing reaction products from the chamber in a flow along 

15 said longitudinal axis, whereby said primaiy flow and said flow of reaction 
products approximate a free vortex flow which creates a pressure sradienL 
where the pressure is hirfiest at the periphery of the chamber and lowest in the 
vicinity of the longitudinal axis> and a secondary ingress means adapted for 
introducing at said outer periphery of said surface a secondary protecting flow 

20 and directing it in said chamber towards said central area, wherybv 

pressure g radient of the vortex flow k eeps said secondary flow adjacent said 
surface substantially over its entire are a and consequently, py^ent^ salH 
surface from co ntact with said primary flow md said flow of reaction products . 

10. A reaction chamber according to Claim 9, wherein the longitudinal axis 
25 passes through said egress opening. 

11. A reaction chamber according to Claim 9 or 10, wherein the reaction 
chamber is part of a volumetric solar receiver and the sur&ce to be protected is 
a transparent vdndow of said solar receiver adapted for admitting incident 
concentrated solar radiation. 
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12. A reacdon chamber according to Claim 1 1, capable of being associated 
with a solar ladiaticm concentrator via said transparent window. 

13. A reaction chamber according to Claim 11, wherein said reaction 
chamber is shaped to approximate a black body radiation cavity. 

5 14. A reaction chamber acceding to any one of Claims 9 to 13, wfaerdn said 
diamber has'walls tiiat are capable of being heated up, and said priroazy ingress 
means are arranged so diat said primary flow acts to extract heat fiom said 
walls prior to being introduced into said chamber. 

15. A reaction chamber according to any one of Claims 9 to 14, further 
10 comprising means for intmAici ng jn the chamber xefiactory niata*ial disposed 

so as to heat said primary flow of reactants. 

16. A reaction chamber accocding to sasy one of Claims 9 to 15, wherein said 
egress opening is axially extended towards said sur^u^ to be protected 

17. A reaction chamb^ according to any one of Claims 9 to 16, wherein said 
15 secondary ingress means are adapted for Introducing in the chamb» said 

secondary flow at a flow rate lower than that of the primary flow. 
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(57) Abstract: A reaction chamber (101) has a surface 
(105) to be protected and a longitudinal axis (103) trans- 
verse to this surface. For die protection of the surface 
(105), a method is used compiising introducing a ptimaiy 
flow of reactants (103) into the chambo* (101) in a man- 
ner whirling around the longitudinal axis (103) thmof, 
withdrawing reaction prodacts at an opposite end (10 7) 
of the reaction chamba- in a flow along the longitudinal 
axis (103). and introducing into the chamber a secondary 
protecting flow (113) directed from a periphery of the 
surface (105) towards the longitudinal axis (103). The 
primary flow (109) and the flow of reaction products ap- 
proximate a free vortex flow and a pressure created by 
this vortex flow keeps the secondary flow (113) adjacent 
the surface (105) to be protected, substantially over its 
entire area. 
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REACTION CHAMBER WITH A PROTECTED SURFACE 

5 FIELD OF THE INVENTION 

This invention relates to reaction chambers having ingress and egress 
openings, and a surface to be protected from contact with components of the 
reaction, in particular, for use in solar energy receivers for the protection of 
their transparent windows. 

10 BACKGROUND OF THE INVENTION 

Extensive work has been directed in recent years to the development of 
efiScient ways to use concentrated solar radiation as the energy source driving 
endothermic chemical reactions, such as for example, the production of 
hydrogen and carbon black by pyrolysis of methane using solar energy for 
15 process heat. 

One type of a solar reactor which may be used for such a purpose is a 
''''surface receiver^'' wherein concentrated solar radiation is introduced through 
the receiver's aperture into its cavity, while the reactants flow through tubes 
staggered in different arrangements inside the cavity. In such a type of reactor, 

20 the radiation is absorbed at the surface of the tubes, and the heat required for 
carrying out the reaction is transferred through the tubes' walls to reactants 
flowing inside the tubes. However, such reactors are rather bulky and their 
working temperature is restricted by thermal limitations imposed by the tube 
material and the temperature gradient across the tube walls. 

25 In an attempt to overcome these difficulties, another type of solar reactor 

has been developed, called a '''volumetric receiver^'. In such a receiver, the 
reactants are directly introduced into the reactor's chamber where they 
themselves are exposed to direct concentrated solar radiation that enters the 
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chamber through a transparent window. The use of such reactors eliminates the 
need for incorporating tubes, whereby the overall heat transfer efficiency of the 
process is increased. An example of such a solar volumetric receiver, designed 
for solar heating of compressed air, was described by J. Kami et aL, Proc. 

5 ASME/JSME/JSES Int. Solar Eng. Conf , 1 : 55 1-556, 1995. 

However, in many chemical reactions some of the reactants and/or 
products of the reaction are in the form of particles. This fact presents a 
problem when a volumetric receiver is considered for such a reaction, because 
particles will eventually be deposited on the surface of the transparent window 

10 of the receiver, reducing its transparency. Moreover, the radiation that will be 
absorbed by these particles will cause their immediate heating up, leading to the 
generation of hot spots at the window, and consequently to the disintegration of 
the window. 



15 following are typical examples of such attempts described in the literature. 

Litterst (Proc. 6th Inst. Symp. On Solar Thermal Concentrating 
Technologies, Almeria, 1992, pp. 359-369) experimented with a vertical 
fluidized bed reactor, having a transparent window mounted on a cylindrical 
wall of the reactor. Reactants are introduced in the reactor in a primary flow 

20 parallel to the window and an air curtain is provided parallel to the primary 
flow direction adjacent to the window's inner surface to protect it against 
contact with solid particles. This attempt failed as the thin air curtain adjacent 
the window's inner surface detached therefrom under the influence of the 
primary flow of reactants, a short distance from its entry port. An attempt to 

25 remove the window from the primary flow by mounting it on a T-type branch 
did not fair much better. Solid particles were transported in "pulselike 
eruptions" from the fluidized bed towards the window. An attempt to 
decelerate fast particles by injecting compressed air through radially positioned 



Many attempts have been made to overcome this problem, and the 
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tubes near the window's inner surface showed that huge amounts of air, in the 
order of 50% of the primary reactant flowrate, were required to keep the 
window free of contact with solid particles. 

A cylindrical volumetric solar reactor with a transparent window 
5 mounted adjacent a front end of the reactor's cavity and spaced away therefrom 
by an aperture plane, is described in the Paul Scherrer Institute, Final Report to 
Bundesamt fur Energie - Contract EF-REN (92) 033, p. 149. Here a suspension 
of ZnO powder in natural gas is injected into the reactor's cavity in a tangential 
primary flow adjacent a back end thereof The products of reaction leave the 

10 cavity through a tangential outlet port located at the front end thereof. The 
window is kept clean of suspended particles by means of two auxiliary flows of 
gas, one injected tangentially at the window and one injected radially at the 
aperture plane. The design was optimized to minimize the auxiliary flows 
while keeping the window clear of particles, however, the total auxiliary gas 

15 flowrate was 83% of the primary gas flowrate. Such a high auxiliary gas 
flowrate can absorb the heat received by the reaction cavity and thereby 
interfere with the desired reaction. 

A solar receiver described in WO 96/25633 comprises an axially 
symmetric annular chamber with an irmer wall constituted by a frusto-conical or 

20 cylindrical quartz window through which solar radiation is admitted into the 
chamber. A fluid mixture in the form of a particle suspension is injected into 
the chamber adjacent and tangentially to an end of its outer wall and the 
products of the reaction are withdrawn near an opposite end of the outer wall 
and tangentially thereto, whereby the suspension flows around the irmer wall in 

25 a whirling manner. Due to the centriftigal force acting on the whirling particle 
suspension, contact between particles and the window is minimized. To cool 
the window, the inner surface of the window is swept with a particle-free 
pressurized fluid. 
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SUMMARY OF THE INVENTION 

An object of the present invention is to provide a novel solution for 
efficient protection of a surface in a reaction chamber. 

In accordance with one aspect of the present invention, there is provided 
5 a method for protecting a surface at one end of a reaction chamber having a 
longitudinal axis transverse to said surface, the method comprising introducing 
a primary flow of reactants into the chamber in a manner whirling Eiround said 
longitudinal axis, and withdrawing reaction products at an opposite end of the 
reaction chamber in a flow along the longitudinal axis, whereby said primary 

10 flow and said flow of reaction products approximate a free vortex flow, and 
introducing into the chamber a secondary protecting flow directed from a 
periphery of said surface towards said longitudinal axis, enabling thereby a 
pressure created by said vortex flow to keep said secondary flow adjacent said 
surface substantially over its entire area. 

15 By virtue of the method of the present invention, a negative radial 

pressure gradient created by the vortex flow increases steeply towards said 
longitudinal axis and, therefore, towards the center of the surface to be 
protected, acting as an anchor to pull the secondary flow from the periphery to 
the center as a boundary layer without separation. This allows for the 

20 protection of the surface by the secondary flow with a significantly lower 
flowrate than that of the primary flow. 

A further advantage of the present invention is that the path length of the 
whirling primary flow across the chamber is substantially extended when 
compared with the chamber's axial dimension, thereby contributing to 

25 achieving higher thermal and chemical conversion efBciencies, since the vortex 
flow provides strong mixing of the reactants. This mixing effect also helps in 
preventing strong local temperature gradients in the primary flow, which could 
lead to flow instability due to buoyancy. 
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The method of the present invention is particularly useful for reaction 
chambers wherein a reaction is carried out in which at least one component, a 
reactant, a product or a catalyst, is in a particulate form. The term ''^particulate 
forrrC^ as used in the present application denotes primarily a solid material being 

5 in the form of powder or particles, but may relate also to materials being in the 
form of liquid droplets. 

The secondary protective flow may be an inert gas, but preferably is one 
of the reactants or products, or a mixture thereof, provided that it does not 
contain particles and that it is not heated in the chamber to the extent that will 

10 prevent its use in protecting the transparent window as desired, or to the extent 
that will cause the reaction to proceed in the secondary flow to a significant 
degree. Although by a preferred mode of the invention the secondary flow is in 
the gaseous phase, it should be understood that within the scope of the present 
invention it may also be in a liquid phase. 

15 In accordance with another aspect of the present invention, there is 

provided a reaction chamber having a surface to be protected, and ingress and 
egress means designed to provide the primary and secondary flows described 
above. In particular, the reaction chamber has a primary ingress means adapted 
for introducing into the chamber the primary flow along a circumference of the 

20 chamber at a location axially spaced from the surface. It is preferable in this 
case that the surface and the chamber are substantially symmetric about the 
longitudinal axis of the chamber. It is also preferable that the primary ingress 
means are capable of introducing into the chamber the primary flow essentially 
tangentially to the chamber's circumference to achieve a whirling flow. 

25 Appropriate ingress means are therefore typically annular and may be in the 
form of an impeller-like ring. It may be advantageous if the primary ingress 
means are capable of delivering the primary flow into the chamber in the form 
of a substantially conical jet, flowing away from the surface. The primary 
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ingress means may be designed to introduce the flow in a converging or 
diverging manner. 

The reaction chamber also has secondary ingress means adapted for 
introducing into the chamber the secondary flow in close proximity to a 
5 periphery of the surface. It is preferable that the secondary ingress means are 
capable of introducing the secondary flow essentially radially relative to the 
longitudinal axis. Egress means for withdrawing the reaction products are 
preferably in the form of an outlet port located along the longitudinal axis of the 
chamber at its end opposite to the surface, thus promoting the contained 

10 whirling motion that approximates a free vortex flow. Preferably, the outlet 
port is narrow relative to the dimension of the surface to be protected. The 
outlet port of the chamber may be connectable to any suitable downstream 
equipment, e.g. conventional gas-solid separation equipment, heat-exchanger or 
any other equipment as known per se in the art. 

15 A preferred embodiment of the method and reaction chamber of the 

present invention concerns their use in a volumetric solar receiver having a 
reaction chamber and provided with effective protection of a transparent 
window located in a wall thereof and adapted for admitting concentrated solar 
radiation therein. The secondary flow according to this embodiment of the 

20 invention should preferably be a poor absorber of solar radiation and is, 
preferably, a non-absorbing fluid. In addition to being a protective layer, when 
the secondary flow is introduced at a relatively low temperature into the 
chamber, it will cool an inner surface of the window mainly by convecting the 
heat therefrom, whereby thermal loads to which the window is subjected are 

25 reduced. 

The window may be planar, concave or convex, or rather it may be in the 
form of any appropriate surface of revolution. 



wo 01/12314 



PCT/ILOO/00483 



The reaction chamber may have an interior design capable of directing 
the primary flow in a desired manner, for example, the interior wall of the 
chamber may be shaped so that the primary flow entering the chamber as a 
conical jet flows along the chamber's interior wall. Heating of the primary 
5 flow is greatly enhanced by heat transfer from the chamber's interior wall. 

An initial widening of the chamber in the flow direction of the primary 
flow renders the chamber's diameter larger than the window's diameter and, 
thereby, makes the chamber's shape closely approximate a black body radiation 
cavity. 

10 The receiver's performance, and particularly its performance during the 

start up of the reaction carried out therein, may be improved by introducing into 
the chamber additional solar radiation absorbing particles. These particles are 
adapted to serve as solar radiation absorbents, allowing a rapid elevation of the 
temperature of the primary flow in the chamber. These solar radiation 

15 absorbing particles may be introduced £is a mixture together with the primary 
flow, or separately, via ingress means dedicated for their introduction into the 
chamber. 

The receiver may further be provided with third ingress means in a 
region exterior to the receiver chamber, in close proximity of the transparent 
20 window, to introduce therein a cooling fluid in an essentially radial or 
tangential flow. 

DESCRIPTION OF THE DRAWINGS 

For better understanding, the invention will now be described by way of 
example only, with reference to a specific example being the pyrolysis of 
25 methane. It should be understood that this example is provided for 
demonstrating the invention, but in no way is the invention limited to this 
specific process. 
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Fig. 1 is a general schematic view of a reaction chamber which is the 
subject of the present invention; 

Fig. 2 is a schematic view of an impeller-like ring for use in the reaction 
chamber of Fig. 1; and 

Figs. 3 to 7 are cross-sectional views of the reaction chamber of Fig. 1 
according to different embodiments of the present invention. 

DESCRIPTION OF PREFERRED EMBODIMENTS 

Fig. 1 shows a reactor 100, according to the present invention, that has a 
reaction chamber 101 with a longitudinal axis of symmetry 103. The reaction 
chamber 101 has a transparent window 105 disposed at its front end and 
orientated perpendicularly to the longitudinal axis 103. The reactor 100 has a 
primary ingress means in the form of an impeller-like ring 110 (shown in Fig. 
2) which is capable of introducing into the chamber 101a primary flow 109 of 
reactants in a manner whirling around the longitudinal axis 103, and a 
secondary ingress means 106 capable of introducing into the chamber a 
secondary protecting flow 113 directed from an inner periphery 115 of the 
window 105 towards the longitudinal axis 103. At a rear end, the reaction 
chamber 101 has an outlet 107 disposed along the axis 103 and capable of 
withdrawing reaction products from the chamber 101. 

For the purpose of the description, the present reactor 100 is described 
for carrying out a process defined by the following reaction: 

CH4(g) — > C(s) + 2H2{g) 
in which methane is pyrolyzed by the heat of concentrated solar radiation 111 
introduced into the chamber 100 via the transparent window 105, to form 
carbon and hydrogen. 

Methane as a primary flow 109 is introduced into the reaction chamber 
101 in a significantly tangential manner through the impeller-like ring 110, and 
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proceeds to whirl around the longitudinal axis 103. The primary flow 109 is 
heated by concentrated solar radiation 111 that enters the chamber via the 
window 105, to a temperature at which the methane will split into hydrogen and 
carbon black. The carbon black particles suspended in the whirling fluid 
5 mixture inside the chamber 101 render the flow 109 opaque to the radiation 
111, thereby enhancing its heating and, consequently, increasing the yield of the 
methane pyrolysis products, which are them withdrawn fi^om the reaction 
chamber 101 via the outlet 107, whereby the primary flow 109 and the flow of 
reaction products approximate a free vortex flow. 

10 After initial decomposition of some methane, carbon black particles are 

formed which directly absorb the solar radiation 111, and thereby considerably 
enhance the conversion obtained in the process of methane pyrolysis. Further 
enhancement of the reactor's performance, especially in the start up stage of the 
process, may also be achieved by introducing solar radiation absorbing particles 

15 into the chamber 101, together with the primary flow 109. Preferably these 
particles are carbon particles that are introduced together with the methane until 
a sufficient amount of carbon particles produced by the methane decomposition 
are present in the chamber 101. These solar radiation absorbing particles may 
be introduced as a mixture with the methane through the primary ingress means 

20 110, or via a separate ingress means (not shown) dedicated to their introduction 
into chamber 101. 

For the protection of the window 105 from contact with the hot 
components of the reaction, in particular, from the carbon black particles 
released therefrom, the secondary flow 113 is introduced radially via the 
25 secondary ingress means 106 at the window's inner periphery 115 to provide a 
protective boundary layer 117. This secondary flow 1 13 is preferably in the gas 
phase and may be an inert gas or methane, hydrogen or a mixture thereof 
When no inert gas is used, there is no need for an additional recovery operation 
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to separate the inert gas from the reaction products, downstream from the 
reactor 100. On the other hand, if methane is used as the secondaay flow 113, 
attention must be given that its flowrate near the window 105 be high enough to 
ensure that its temperature will not exceed the temperature at which pyrolysis 
5 will start, giving rise to the undesired formation of carbon black particles in the 
vicinity of window 105, 

The following synergetic co-operation of the vortex flow, consisting of 
the primary flow 109 and the flow of reaction products, and the secondary flow 
113, prevents carbon black particles in the chamber 101 from reaching the 

10 window 105. The vortex flow of the fluid mixture produces a negative radial 
pressure gradient in the chamber 101, the pressure being highest at a periphery 
116 thereof and lowest adjacent the chamber's axis of symmetry 103. This 
negative radial pressure gradient is essentially balanced by the centriftigal force 
of the whirling vortex flow. By extracting the reaction products from the 

15 chamber 101 through the narrow central outlet 107, the tangential velocity of 
the whirling fluid mixture becomes essentially inversely proportional to the 
distance from the axis 103 due to conservation of angular momentum. The 
negative pressure gradient of the fluid mixture thus becomes inversely 
proportional to the third power of that distance. This property is extended all 

20 the way from the outlet 107 towards the window 105 just as a tornado is 
extended towards the earth's surface. Since the vortex flow is contained in the 
axially symmetrical chamber 101, the axes of symmetry of the vortex flow and 
of the chamber 101 tend to coincide. This is an example of the strong tendency 
towards two-dimensionality of flow that is observed in confined rotating fluids 

25 (see H.P. Greenspan, Theory of Rotating Fluids, Cambridge University Press, 
1968, p. 3). 

The secondary flow 113 does not participate in the vigorous whirling 
motion of the vortex flow as it is introduced into the chamber 101 in an 
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essentially radial direction and flows as a thin boundary layer 117 in direct 
contact with the non-rotating window 105. The strong radial pressure gradient 
produced by the whirling motion of the vortex flow is felt almost unchanged by 
the secondary flow 113. This fact is well known in the art (see G.K. Batchelor, 
5 Introduction to Fluid Flow Mechanics, Cambridge University Press, 1967, p. 
315). In the absence of a centrifugal force to balance the negative radial 
pressure gradient, the secondary flow 113 is accelerated vigorously towards the 
centre 103 of the window 105, flowing as a high velocity thin boundary layer 
117 on its surface until it is swallowed up at the centre 103 by a narrow 

10 '^omado" tube 119. 

Without the described whirling effect, the secondary flow 113 would 
adhere to the window 105 only near the periphery 115 where it is injected, and 
as it would move towards the center 103 it would be slowed down and 
separated from the window 105. Therefore, keeping the window 105 protected 

15 by the secondary flow 113 without the above described whirling effect, would 
require a flowrate of secondary gas comparable to the primary gas flowrate, and 
the secondary flowrate required would get much greater as the diameter of the 
window 105 increases. 

With the described whirling effect present in accordance with the present 

20 invention, the negative pressure gradient increases steeply towards the center 
103 of the window 105, acting as an anchor to pull the secondary flow 113 
from the periphery 115 to the center 103 without separation. The stabilizing 
effect of a negative pressure gradient on a boundary layer, preventing it from 
separating, is well known in the art (see Schlichting, Boundary Layer Theory, 

25 McGraw-Hill, 1995, p. 100). Thus using this effect for keeping the window 
105 protected by the secondary flow 113, enables a secondary flowrate of only 
a few percent of the primary flowrate, essentially independent of the diameter 
of the window 105. Moreover, it was verified by experiment that in this flow 



wo 01/12314 PCT/ILOO/00483 

12 



configuration, the flowrate of the secondary flow 113 does not have to be 
increased with increasing flowrate of the primary flow 109. On the contrary, 
increasing the flowrate of the whirling primary flow 109 enhances the negative 
radial pressure gradient adjacent the window 105 and this has a further 

5 stabilizing effect on the secondary flow 113. 

It was determined by experiments that with the flow configuration 
characteristic of the present invention, in the case of the secondary flow 113 
flowing at a rate of 0.5 //min and of the primeiry flow 109 flowing at a rate 
exceeding 20 //min, the secondary flow 113 completely adhered to a 60 mm 

10 diameter window 105 over its entire inner surface. The '^tornado" tube 119 was 
attached to the window 105 at a central zone having a 3 mm diameter. 

By virtue of the flow pattern characteristic of the present invention, the 
secondary flow 1 13 is not heated to the same extent as the primary flow 109 as 
it does not contact the chamber's periphery 1 16 to remove heat therefrom and 

15 its residence time in the chamber 101 is shorter than that of the primary flow 
109. Furthermore, it is not heated by mixing with the primary flow 109 as they 
do not essentially mix, neither is it heated appreciably by the solar radiation 1 1 1 
crossing the chamber 101 since it is not loaded with radiation absorbing 
particles. 

20 The relatively small amount of the secondary flow 113 and its relatively 

low temperature are advantageous, as significantly less heat from the solar 
radiation 1 1 1 is absorbed thereby and lost, thus increasing the overall receiver 
yield. Moreover, the fact that the secondary flow 113 reaches a relatively low 
temperature may enable it to be an inert gas, a product of the reaction (hydrogen 

25 in the present embodiment), or even a heat sensitive component of the reaction 
(methane in the present embodiment). 

The high velocity of the secondary flow 113 along the window 105 
improves its protection against the possibility of particles clinging to the 
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window 105, and also improves the coefficient of heat transfer by convection 
therefrom to the secondary flow 113, thereby more effectively cooling the 
window 105. 

Fig, 3 shows a solar receiver using a reactor chamber of the present 
5 invention as generally described above, but having additional features for 
improving the reactor's performance. 

In Fig, 3, a solar receiver 300 has a longitudinal axis of symmetry 320, 
and comprises first 301 and second 302 axi-symmetric chambers separated 
from each other by a partition 303 which is provided w^ith an outlet 304 located 

10 at its center. The receiver 300 is further provided with a transparent window 
305 adapted for admitting concentrated solar radiation 111 into the first 
chamber 301. The receiver 300 is also provided with primary ingress means 
307 for admitting a primary flow of methane and secondary ingress means 308 
for introducing a secondary flow into the chamber 301. The primary means 307 

15 comprise an annular passage 306, shaped so as to deliver the primary flow into 
the chamber 301 in a converging manner, directed away from the window 305. 
The primary ingress means 307 are also designed to impart to the primary flow 
a whirling motion around the longitudinal axis 320 of the chamber 301. For 
this purpose, the primary ingress means 307 may comprise the impeller-like 

20 ring 110 (shown in Fig. 2), or rather they may have any other suitable design. 
The secondary means 308 comprise an annular, preferably grooved passage 310 
through which the secondary flow is delivered as an essentially radial flow into 
the chamber 301 along an inner periphery 3 18 of the transparent window 305. 

The initial widening of chamber 301 in the flow direction of the primary 

25 flow renders the chamber's diameter larger th2m the window's diameter and, 
thereby, makes the chamber's shape closely approximate a black body radiation 
cavity. 
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The solar receiver 300 further has a solar concentrator 335 mounted 
adjacent the window 305 to direct the incident solar radiation 111 into the 
chamber 301. In order to allow for a wide scattering angle of solar radiation 
111 entering the chamber 301, a ceiling portion 3 19 of the chamber 301 may be 
5 thin and thus poorly insulated. Accordingly, the primary ingress means 307 are 
designed so that the primary flow is introduced into the chamber 301 after 
absorbing heat from the poorly insulated ceiling portion 319. The absorbed 
heat is thus recycled into the chamber 301 . 

A third ingress means (not shown) may be mounted in close proximity to 
10 the window 305 and external thereto in order to provide an external cooling 
flow to the window 305, which may be, for example, essentially radial or 
tangential. 

The reaction products, leaving the chamber 301 through the outlet 304, 
enter an additional chamber 302, where they are cooled by cooling means, for 
15 example, by sprays of water produced by nozzles 312, before entirely leaving 
the receiver 300. The reaction products leaving the receiver 300 may be 
delivered to any suitable downstream equipment, such as conventional 
separation equipment, heat exchanger or any other equipment as known per se 
in the art. 

20 Figs. 4 to 7 show further features of the reaction chamber for improving 

the receiver's performance. 

Fig. 4 shows another solar receiver 400 which is similcir to the solar 
receiver 300, but which has primary ingress means 407 that are designed 
differently in that they discharge into the chamber 401 a divergent conical jet 

25 such that the whirling jet enters the chamber 401 along the chamber's interior 
surface 413. The immediate contact of the primary flow with the hot chamber 
surface 413 initiates the pyrolysis of methane and the formation of carbon 
particles, which serve as a very effective agent for absorption of solar radiation 
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and for almost instantaneous transmission of the absorbed heat to the gas in 
which the particles are suspended. 

Fig. 5 shows a solar receiver 500 which may have a general design of 
either of the previous solar receivers 300 or 400, but which has an egress means 

5 in the form of a central pipe 515 that protrudes into the chamber 501 through 
the partition 503, thereby bringing the outlet 504 closer to the window 505. By 
virtue of this arrangement, the whirling motion pattern inside the chamber 501 
may gain additional stability and may not be hampered by buoyancy effects that 
may be caused by inhomogeneous heating of the gas inside the chamber 501 . 

10 Fig. 6 shows a solar receiver 600 which may have a general design of 

any of the previous solar receivers 300, 400, or 500, but which has a refractory 
"flame holder"-type component 609 disposed inside the chamber 601 adjacent 
the primary ingress means 607, so as to absorb heat from the solar radiation and 
to heat the primary flow passing therethrough, whereby the reaction is initiated 

15 and a continuous production of heat absorbing carbon black particles is 
sustained. 

Fig. 7 shows another solar receiver 700 which is similar to the solar 
receiver 300, but which has a reaction chamber 701 with a tapering surface 713 
such that the whirling primary flow enters the chamber 701 along the chamber's 

20 hot interior surface 713, initiating the reaction. A chamber 701 of this shape 
may be advantageous when a shorter residence time is required. 

While the invention has been described with respect to preferred 
embodiments, it will be appreciated that many variations, modifications and 
other applications of the invention can be made. Particularly, the internal 

25 arrangement of the reaction chamber, the overall design of its components, in 
particular of the transparent window, the primary and secondary ingress means, 
the egress means and the downstream chamber, may vary, as long as they 
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provide for the primary and secondary flows and their interaction in accordance 
with the present invention. 



wo 01/12314 PCT/ILOO/00483 

17 



CLAIMS: 

1. A method for protecting a surface at one end of a reaction chamber 
having a longitudinal axis transverse to said surface, the method comprising 
introducing a primary flow of reactants into the chamber in a manner whirling 

5 around said longitudinal axis, and withdrawing reaction products at an opposite 
end of the reaction chamber in a flow along the longitudinal axis, whereby said 
primary flow and said flow of reaction products approximate a free vortex flow, 
and introducing into the chamber a secondary protecting flow directed from a 
periphery of said surface towards said longitudinal axis, enabling thereby a 

10 pressure created by said vortex flow to keep said secondary flow adjacent said 
surface substantially over its entire area. 

2. A method according to Claim 1, whereby said pressure results in said 
secondary flow acting as a barrier protecting said surface from contact with said 
primary flow and said flow of reaction products. 

15 3. A method according to Claim 1, whereby said secondary flow is used to 
cool said surface. 

4. A method according to Claim 1, whereby said primary flow is introduced 
into the chamber as a conical whirling jet flowing away from said surface. 

5. A method according to Claim 1, whereby said primary flow is introduced 
20 into the chamber along an interior wall thereof. 

6. A method according to Claim 1, whereby radiation absorbing particles 
are introduced into the chamber in order to elevate said primary flow's 
temperature and thereby initiate the reaction, 

7. A reaction chamber having a longitudinal axis, a surface to be protected 
25 disposed at one end of the chamber and orientated substantially transversely to 

said longitudinal axis, a primary ingress means capable of introducing into the 
chamber a primary flow of reactants in a manner whirling around said 
longitudinal axis, an egress opening disposed at an opposite end of the chamber 
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capable of withdrawing reaction products from the chamber in a flow along 
said longitudinal axis, whereby said primary flow and said flow of reaction 
products approximate a free vortex flow, and a secondary ingress means 
capable of introducing into the chamber a secondary protecting flow directed 
5 from a periphery of said surface towards said longitudinal axis, enabling 
thereby a pressure created by said vortex flow to keep said secondary flow 
adjacent said surface substantially over its entire area. 

8. A reaction chamber according to Claim 7, wherein the longitudinal axis 
passes through said egress opening. 
10 9. A reaction chamber according to Claim 7, wherein the reaction chamber 
is part of a volumetric solar receiver and the surface to be protected is a 
transparent window of said solar receiver adapted for admitting incident 
concentrated solar radiation. 

10. A reaction chamber according to Claim 9, capable of being associated 
15 with a solar radiation concentrator via said transparent window, 

11. A reaction chamber according to Claim 9, wherein said reaction chamber 
is shaped to approximate a black body radiation cavity. 

12. A reaction chamber according to Claim 7, wherein said chamber has 
walls that are capable of being heated up, and said primary ingress means are 

20 arranged so that said primary flow acts to extract heat from said walls prior to 
being introduced into said chamber. 

13. A reaction chamber according to Claim 7, fiirther comprising an 
additional component of refractory material disposed so as to heat said primary 
flow of reactants, 

25 14. A reaction chamber according to Claim 7, wherein said egress opening is 
axially extended towards said surface to be protected. 
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FIG.l 
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FIG.2 
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